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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In spite of forming this invention with the hydrophobic material, 
the surface is related with the article which is hydrophilic nature. Especially this 
invention is formed with hydrophobic materials, such as polyethylene and polypropylene, 
and, moreover, the surface is related with the article which is hydrophilic nature. 
[0002] 

[Description of the Prior Art] The surface of an article is hydrophobicity or hydrophilic 
nature at various grades according to the characteristic of the material which forms this. 
However, although the material which forms this depending on the use of an article is 
hydrophobicity, it may be required that the surface should be hydrophilic nature. For 
example, although black lead is hydrophobicity, when using black lead as a separator of a 
fuel cell, it is supposed that it is required to carry out hydrophilization treatment of the 
surface of a separator so that the generated water may not blockade a gas passageway. 
Although polyolefines, such as polyethylene and polypropylene, are hydrophobicity, 
when using the nonwoven fabric made from polyolefine as a separator of a cell, it is 
supposed that it is required to make the surface into hydrophilic nature and to improve 
the holdout of an electrolysis solution. Surface energy is manifestation of a low thing, if 
hydrophilization treatment is performed to this and the surface energy is raised, that the 
surface of polyolefine is hydrophobicity can raise adhesive strength etc., for example, an 
adhesive property's with a paint etc. will improve. As a method of carrying out 
hydrophilization treatment of the polyolefine, many methods, such as corona discharge 
treatment, plasma treatment, electron beam irradiation treatment, fuming- sulfuric-acid 
processing, graft polymerization of acrylic acid, and surfactant treatment, are known. 
[0003] 

[Problem(s) to be Solved by the Invention]It has the problem that the grade of the 
hydrophilization which each of these has complicated operation, or is attained although 
many methods of carrying out hydrophilization of the polyolefine as mentioned above are 
known is insufficient, or hydrophilic nature falls with progress of time although it is 
hydrophilic nature immediately after processing etc. Therefore, this invention tends to 
provide the article which gave the hydrophilic nature which is easy operation and is 
perpetual. 
[0004] 

[Means for Solving the Problem]An article which has a hydrophilic surface concerning 



this invention is characterized by an angle of contact of at least some water of the surface 
which surface [ at least a part of ] is formed into a molecule with a high molecular 
compound which has an aromatic ring, and is formed with this high molecular compound 
being 40 degrees or less. This hydrophilic article can be easily manufactured, when 
surface [ at least a part of ] processes and carries out hydrophilization of that surface of 
an article currently formed into a molecule with a high molecular compound which has 
an aromatic ring with fluorine gas. 
[0005] 

[Embodiment of the Invention] The article which has a hydrophilic surface concerning 
this invention can be formed with arbitrary materials except the portion as which it is 
required that it is hydrophilic nature among the surfaces being formed into the molecule 
with the high molecular compound which has an aromatic ring. For example, the whole 
article can be formed with this high molecular compound. The main part of an article 
may be formed with other materials, for example, metal, a carbon material, polyolefine, 
etc., and the layer of the high molecular compound which has an aromatic ring may be 
formed into a molecule at the portion as which the hydrophilic nature of the surface is 
required. For example, the solution of the high molecular compound which has an 
aromatic ring is applied into a molecule, and the thing in which the layer of the high 
molecular compound was formed on the surface is mentioned to the article formed with 
metal, a carbon material, polyolefine, etc. Although polystyrene, phenol resin, etc. are 
mentioned as a typical thing into a molecule as a high molecular compound which has an 
aromatic ring, polycarbonate, polyester, polyimide, an epoxy resin, etc. which consist of a 
repeating unit which otherwise has the benzene ring can be used. 
[0006] According to this invention persons' knowledge, if the high molecular compound 
which has an aromatic ring in this molecule is processed with fluorine gas, it will become 
hydrophilic nature easily, and this hydrophilic nature does not fall, even if time passes, 
but it improves rather. If the high molecular compound which does not have an aromatic 
ring in a molecule, for example, polyolefine etc., carries out fluorine gas processing, 
hydrophilization will be carried out, but the grade of hydrophilization does not result in 
the forge fire in which the angle of contact of water amounts to 40 degrees immediately 
after processing, and hydrophilic nature falls temporally. This is considered because the 
functional group formed by fluorine gas processing is hidden in an inside from the 
surface by thermal agitation. On the other hand, in the case of the high molecular 
compound which has an aromatic ring, ******** hydrophilization will be carried out by 
fluorine gas processing, and the angle of contact of water will be 40 degrees or less 
easily. And even if it neglects it in the atmosphere after processing, the angle of contact 
of water does not become large, but falls further rather in many cases. It is thought of 
because the fluoride to which it stuck by fluorine gas processing has reacted succeedingly 
that the angle of contact of water falls further during neglect. It is thought of because the 
functional group generated by fluorination is not hidden in an inside according to the 
steric exclusion of an aromatic ring that the angle of contact of water does not become 
large temporally unlike the case of polyolefine. 

[0007]The processing by fluorine gas should just contact fluorine gas on the articles in 
which the surface which should be carried out hydrophilization with the high molecular 
compound which has an aromatic ring is formed into the molecule. 0-50 **, a contact 
condition is 0-30 ** preferably, and is usually for [ several seconds - ] 30 minutes 



preferably for several seconds - 1 hour. Fluorine gas may be used independently and may 
be used as inactive gas, such as nitrogen, argon, and helium, or mixed gas with oxygen. 
For example, the mixed gas of fluorine gas and air can be used. Although it is preferred 
to perform fluorine gas processing near ordinary pressure irrespective of whether fluorine 
gas is used independently or it uses as mixed gas, it can also carry out by the lower 
pressure or a higher pressure. Even in such a case, it is preferred to usually carry out in 
the range of the number mmHg - 2 kg/cm . For example, in using the mixed gas of 
fluoride-oxygen-inactive gas by ordinary pressure, although use fluorine gas by 1 - 
300mmHg, oxygen gas is used by 1 - 750mmHg and inactive gas is usually used by 9 - 
758mmHg, the partial pressure of each gas, It is preferably used by 3 - 50mmHg, 30 - 
710mmHg, and 45 - 450mmHg, respectively. 

[0008]After fluorine gas processing may be neglected in the atmosphere as it is, and may 
be rinsed and dried, as [ call / the angle of contact of water / if it is a request / originally 
the angle of contact of water can make the surface of the article which is hydrophobicity 
the hydrophilic surface of 40 degrees or less, and / according to this fluorine gas 
processing, / it / 10 degrees and 6 more times ] — ******** it can also be considered as 
hydrophilic nature. 
[0009] 

[Example] Although an example explains this invention still more concretely below, this 
invention is not limited to the following examples. In the following examples, the angle 
of contact of water was measured by hanging down waterdrop to a specimen surface and 
reading the angle of contact between the surfaces using the angle-of-contact meter CA-D 
type of a harmony interface science company. Measurement was performed at 20 **. 
[00 10] After making clarification the surface of an example 1 polyethylene board 
(80x25x6 mm) by an ethanol impregnated fabric, phenol resin (Gunei Chemical Industry 
Co., Ltd. products, PGA-2417) was immersed in the solution (10 % of the weight of 
concentration) which dissolved in ethanol. It took out 1 minute afterward, and dried at 
100 **, and phenol resin was stiffened. The angle of contact of the water of this thing 
was 62 degrees. After putting this into the container for fluorine gas processing and 
exhausting the inside of a container to the vacuum, the mixed gas of fluoride- oxygen- 
nitrogen of a room temperature was introduced and it was considered as ordinary 
pressure. Each partial pressure of gas is fluorine gas 20mmHg, oxygen gas 660mmHg, 
and nitrogen gas 80mmHg. It exhausted, after holding for 1 minute, and the sample was 
taken out, and it was neglected in the atmosphere. The angle of contact of the water of 1 
hour after was 29 degrees. The angle of contact of the water of 24 hours after was 20 
degrees. 

[001 1] After making clarification the surface of the same polyethylene board as having 
used in example 2 Example 1 by an ethanol impregnated fabric, polystyrene (molecular 
weight 470,000) was immersed in the solution (10 % of the weight of concentration) 
which dissolved in the tetrahydrofuran. It took out 1 minute afterward and dried at 100 
**. The angle of contact of the water of this thing was 90 degrees. When fluorine gas 
processing of this was carried out completely like Example 1, the angle of contact of the 
water after 1-hour neglect was 26 degrees, and the angle of contact of the water of 24 
hours after was 14 degrees. 

[0012]The same polyethylene board as having used in comparative example 1 Example 1 
was immersed in the solution (10 % of the weight of concentration) which dissolved the 



polyethylene glycol (molecular weight 3000) in toluene. It took out 1 minute afterward 
and dried at 100 **. The angle of contact of the water of this thing was 82 degrees. When 
fluorine gas processing of this was carried out completely like Example 1, the angle of 
contact of the water after 1-hour neglect was 56 degrees, and the angle of contact of the 
water of 24 hours after was 58 degrees. 

[0013]It was 90 degrees when the angle of contact of water was measured, after making 
clarification the surface of the same polyethylene board as having used in comparative 
example 2 Example 1 by the ethanol impregnated fabric. When fluorine gas processing of 
this was carried out completely like Example 1, the angle of contact of the water after 1- 
hour neglect was 53 degrees, and the angle of contact of the water of 24 hours after was 
72 degrees. 



[Translation done.] 
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